INTRODUCTION
============

Recently, with the increasing implementation of endoscopic screening programs for colorectal cancer (CRC), the incidence of early CRC has been increasing \[[@B1]\]. Although intraepithelial or intramucosal (Tis) CRC carries no risk of lymph node metastasis (LNM) \[[@B2][@B3]\], LNM has been observed in 7%--15% of patients with T1 CRC, defined as tumors invading the submucosa \[[@B4][@B5][@B6][@B7]\]. Endoscopic resection of Tis CRC is therefore considered standard therapy, whereas endoscopic resection of T1 CRC is limited to selected patients.

Thus, evaluation of the risk of LNM in the latter patients after endoscopic resection is critical for determining whether these patients should undergo additional surgery or be monitored regularly.

According to the current guidelines, additional surgery is preferable when the resection margin is positive or any of risk factors for LNM are present. The risk factors for LNM include deep submucosal invasion, histologic high grade, budding, and vascular invasion \[[@B7][@B8][@B9][@B10][@B11][@B12][@B13]\].

Our previous study, involving 435 patients with T1 CRC treated in 2001--2010, found that histologic high grade, budding, vascular invasion, and the absence of background adenoma were associated with LNM in patients with T1 CRC \[[@B14]\].

This study updates our previous findings, assessing the factors associated with LNM in patients with T1 CRC treated in 2001--2015.

METHODS
=======

Between January 2001 and December 2015, 937 patients with T1 CRC underwent endoscopic or surgical resection at the National Cancer Center, Korea, excluding those with ypT1 pathology who received preoperative chemoradiation treatment. Among these 937 patients, those with familial adenomatous polyposis (n = 16) or synchronous advanced CRC (n = 75) were excluded, as were patients endoscopically resected but followed up for \<24 months (n = 94). Of the endoscopically resected patients, patients with recurrence who were found to be positive for LNM on salvage surgery (rpN1 or 2) (n = 5) and those with multiple metastases who did not undergo salvage surgery (n = 2) were excluded because of the uncertainty in timing of LNM and the possibility of skip metastases, respectively. Thus, this study included 745 patients, 97 who underwent endoscopic resection and 648 who underwent surgical resection ([Fig. 1](#F1){ref-type="fig"}). The database of the National Cancer Center and patients\' clinical charts were reviewed retrospectively.

Based on the Paris classification, endoscopically resected tumors were classified into 4 types: pedunculated, sessile, flat, and depressed \[[@B15]\].

Tumor location was classified into 3 groups: right colon (defined as cecum -- splenic flexure), left colon (defined as splenic flexure -- rectosigmoid junction), and rectum (defined as rectosigmoid junction -- anal verge).

The depth of submucosal invasion was evaluated using Kudo\'s classification as infiltration into the upper third (sm1), middle third (sm2), or lower third (sm3) of the submucosal layer in surgically resected specimens \[[@B16]\]. For endoscopically resected sessile and flat tumors, the cut-off between sm1 and sm2 was 1,000 µm according to the Paris classification, with submucosal invasion \>2,000 µm defined as sm3 \[[@B15]\]. For endoscopically resected pedunculated tumors, the cut-off between sm1 and sm2 was at the level of the neck \[[@B2]\], and submucosal invasion \>3,000 µm from the neck was defined as sm3. Submucosal invasion depth ≥sm2 was defined as deep submucosal invasion.

Differentiation of adenocarcinomas was classified according to World Health Organization criteria: grade 1 (well differentiated), grade 2 (moderately differentiated), or grade 3 (poorly differentiated) \[[@B17]\]. Grades 1 and 2 were defined as histologic low grade, and grade 3, mucinous carcinoma, signet ring cell carcinoma, and carcinoma with neuroendocrine differentiation were defined as histologic high grade.

An isolated cell or a small cluster of \<5 tumor cells in the invasive front was defined as a "budding" focus, and \>10 budding foci viewed at ×200 magnification was defined as budding positive \[[@B18]\].

Vascular invasion was defined as the presence of cancer cells within endothelial-lined channels, including angiolymphatic invasion and venous invasion. Vascular invasion of small vessels without a vascular smooth muscle layer was defined as angiolymphatic invasion, and vascular invasion of large vessels with a vascular smooth muscle layer was defined as venous invasion.

Background, or preexisting, adenoma was defined as benign adenomatous tissue contiguous to a resected carcinoma.

Estimation of the status of LNM in endoscopically resected patients
-------------------------------------------------------------------

The 97 endoscopically resected patients were followed up by colonoscopy, performed 3--6 months after resection and annually thereafter, and by annual CT scan of the abdomen and chest and annual measurement of serum carcinoembryonic antigen (CEA) concentration. LNM status in these patients was determined indirectly, based on follow-up results and/or histopathologic reports of salvage surgery.

Patients were followed up for a minimum of 24 months. Patients with no evidence of recurrence during follow-up and those with recurrence who had no evidence of LNM on salvage surgery (rpN0) were regarded as negative for LNM.

Statistical analyses
--------------------

The relationship between histopathologic factors and LNM was evaluated using the chi-squared test and Fisher\'s exact test. Univariate and multivariate logistic regression analyses were performed to identify the risk factors associated with LNM. A P-value \< 0.05 was defined as statistically significant.

This study was approved by the Institutional Review Board of the National Cancer Center, Korea (NCC2017-0189), and informed consent was obtained from all patients.

RESULTS
=======

Characteristics of patients
---------------------------

The 745 patients enrolled in this study included 471 men (63.2%) and 274 women (36.8%), of mean age 61.4 years (range, 26--91 years). Of these 745 patients, 123 (16.5%) had right colon tumors, 355 (47.7%) had left colon tumors, and 267 (35.8%) had rectal tumors. Tumors were pedunculated in 45 patients (6.0%), sessile in 540 (72.5%), flat in 92 (12.4%), and depressed in 68 (9.1%). Of these 745 patients, 97 (13.0%) underwent only endoscopic resection and 648 (87.0%) underwent surgical resection. Mean tumor size was 17.2 ± 11.0 mm (range, 1.5--115 mm) ([Table 1](#T1){ref-type="table"}).

Follow-up results and estimation of LNM status of endoscopically resected patients
----------------------------------------------------------------------------------

The mean follow-up period was 59.5 months (range, 24--142 months). Of the 97 endoscopically resected patients, 94 (96.9%) showed no evidence of recurrence during the follow-up period, and they were regarded as negative for LNM. The remaining 3 patients (3.1%) with recurrence were negative for LNM (rpN0) on salvage surgery. Details of 3 patients with recurrence are shown in [Table 2](#T2){ref-type="table"}.

Relationship between histopathologic factors and LNM
----------------------------------------------------

Of the 745 patients, 91 (12.2%) were found to be LNM positive. Both univariate ([Table 3](#T3){ref-type="table"}) and multivariate ([Table 4](#T4){ref-type="table"}) analyses indicated that histologic high grade (P \< 0.001), vascular invasion (P \< 0.001), deep submucosal invasion (P = 0.010), and budding (P = 0.034) were significantly associated with LNM.

Incidence of LNM in patients subgrouped by number of risk factors
-----------------------------------------------------------------

Four risk factors for LNM were identified in patients with T1 CRC: deep submucosal invasion, histologic high grade, budding, and vascular invasion. The relationship between the number of risk factors and LNM was analyzed ([Table 5](#T5){ref-type="table"}).

Among the patients with one, two, three, and four risk factors, 6.0%, 18.7%, 36.4%, and 100%, respectively, were positive for LNM.

DISCUSSION
==========

The current guidelines recommend additional surgery for patients at high risk of LNM. In agreement with the current guidelines, this study identified deep submucosal invasion, histologic high grade, budding, and vascular invasion as risk factors predicting LNM in patients with T1 CRC.

Our previous study excluded patients who underwent endoscopic resection from the statistical analyses \[[@B14]\], because their LNM status could not be evaluated directly. Because most T1 CRCs without risk factors undergo endoscopic resection, exclusion of endoscopically resected patients may cause a selection bias, affecting the study results. Therefore, in the current study, LNM status of endoscopically resected patients was estimated indirectly based on follow-up results and/or histopathologic reports of salvage surgery, with these patients included in statistical analyses to overcome any possible selection bias.

Consistent with previous findings, the current study showed that deep submucosal invasion was significantly associated with LNM. Several other studies, however, have evaluated the area, not the depth, of submucosal invasion \[[@B19]\]. According to one of those studies, lymphatic vessels were reported to be significantly more numerous within sm1 than within sm3, suggesting that tumors invading sm1 alone, but on a broader front, may be able to gain greater access to the lymphatic system than narrow but deeply invading sm3 tumors \[[@B20]\].

The current study also found that histologic high grade and vascular invasion were the most relevant risk factors for LNM in patients with T1 CRC, in good agreement with many earlier studies.

Budding is a histologic feature thought to correspond to the initial phase of tumor invasion and reported to be associated with metastatic activity \[[@B21]\]. Japanese guidelines accept budding as a risk factor for LNM in T1 CRC, but not western guidelines. The current study showed that budding was significantly associated with LNM in T1 CRC.

Most CRCs develop from adenomatous polyps through the adenoma-carcinoma sequence, although some of these tumors develop *de novo* \[[@B22][@B23]\]. Although the relationship between the absence of background adenoma and LNM in T1 CRC has not been clearly determined, the absence of background adenoma may indicate more aggressive biologic behavior. In contrast to our previous study, which showed that the absence of background adenoma was significantly associated with LNM on both univariate and multivariate analyses, the current study found that the absence of background adenoma was significant on univariate analysis alone.

The current study showed that the incidence of LNM ranges widely according to the kind and number of risk factors in T1 CRC (6.0%--100%) ([Table 5](#T5){ref-type="table"}). Therefore, when determining subsequent treatments, the potential risk of LNM should be considered, instead of dichotomous decisions depending on the presence or absence of risk factors.

This study had several limitations. Most importantly, LNM status in endoscopically resected patients was estimated indirectly, but these patients were included in statistical analyses. However, this may help overcome a possible selection bias, as described above. Other limitations included the retrospective design of the study and its relatively short follow-up period.

In conclusion, this study showed that deep submucosal invasion, histologic high grade, budding, and vascular invasion are independent risk factors for LNM in patients with T1 CRC, and the incidence of LNM ranges widely according to the type and number of risk factors. If any of these risk factors are present, additional surgery following endoscopic resection should be determined after considering the potential risk of LNM and each patient\'s situation.
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###### Demographic and clinical characteristics of study patients (n = 745)
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Values are presented as mean ± standard deviation (range) or number (%).

###### Details of 3 patients with recurrence after endoscopic resection
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AR, anterior resection; RHC, right hemicolectomy; LAR, low anterior resection.

###### Relationships between histopathologic factors and lymph node metastasis (LNM)
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###### Multivariate analysis of histopathologic factors associated with lymph node metastasis
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OR, odds ratio; CI, confidence interval.

###### Relationship between lymph node metastasis (LNM) and number of risk factors
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SM, deep submucosal invasion; VI, vascular invasion; BD, budding; HG, histologic high grade.
